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I make these comments in reply to those of George Isely, WD9GIG,
President of the Mid-America Coordination Council, Inc., Whit Brown,
WBOCJX, Frequency Coordination Chairman of the Mid-America Coordination
Council, Inc., William Wells, WABHSU, Chairman of The Indiana Repeater
Council, and Nels Harvey, WASJOB, of the Wisconsin Association of
Repeaters each of which coppose the American Radio Relay League (ARRL)
proposal and, in particular, oppose the use of spread-spectrum emissions
below 450 MH=z.

PERSONAL INFORMATICN

I make these reply comments as a former student of the Naval
Postgraduate School (NPS) located in Monterey, California and as an
amateur radio operator. I was a graduate student at NPS from August
1993 to September 1295 upon which time I graduated with a Masters in
Science Degree in Computer Science. During my entire time at NPS I was
a participant in the Petite BAmateur Navy Satellite (PANSAT) project
sponsored by the Space Systems Academic Group (SSAG). I am writing on
my own personal initiative as an amateur radio operator and not as an
official representative of the United States Navy or the Naval
Postgraduate School. My purpose in writing these comments is to bring
to the Commissicn’s attention information that I believe is wvital and
important concerning this rule making process with regard to PANSAT, and
to relate my own personal experiences from the benefit of
experimentation in the Amateur Radic and Amateur Satellite Service.

GENERAL COMMENTS

I would like fo bring to the attention of the Commission an amateur
satellite project currently underway at the Naval Postgraduate School
(NPS) since 1989 called the Petite Amateur Navy Satellite or PANSAT. It
is a proof-of-concept small satellite for packet store-and-forward
communications utilizing spread-spectrum modulation techniques. The
spacecraft will supply direct-sequence spread-spectrum modulation with
an operating center frequency of 436.5 MHz, & bit rate of 9.84 kilobits
per second and 4.5 megabytes of message storage. PANSAT will be
launched intc low-Earth orbit via the Space Shuttle under the HitchHiker
program utilizing a Get Away Special {(GAS) canister. Expected launch of
PANSAT is September 1997. The spacecraft has a 2 year mission life
reguirement. I have attached for the Commission’s review an
introductory article about the PANSAT spacecraft.



PANSAT’ s primary goal is in the education of cfficer students at the
Naval Postgraduate School. It is used as a training vehicle within the
Space Systems curriculum to provide a tangible project so that students
can experience real world operational and design problems first hand.
To date PANSAT has produced over 50 theses in areas of electrical,
aerospace, and mechanical engineering and space operations. The
majority of the theses are unclassified and available to the general
public.

PANSAT has many benefits to the amateur radio service. The first of
which is the positive and national exposure PANSAT and amateur radio
will receive when it is launched from the Space Shuttle. Secondly is
the development of a spread-spectrum modem by the PANSAT engineers, the
design of which is planned to be shared with the amateur community.
This contribution alone represents many hours of engineering design
passed on the to amateur community to build and experiment with a
spread-spectrum modem for terrestrial and space communications. Next is
the opportunity to operate a new amateur satellite with a new mode of
communications providing an international forum for experimentation.
Lastly, the many theses contribution to the body of knowledge of not
only spread-spectrum communications, but many other topics of interest
to the Amateur Satellite Service.

My concern in writing these comments is the overwhelming desire of the
commenters listed above to have spread-spectrum communications remcved
from the 420-450 MHz amateur band. I would like to impress upon the
Commission the benefits that I have cutlined above that PANSAT has
already contributed to the amateur service and the huge potential that
it has when it is launched.

If spread-spectrum is removed from the 420-450 MHz band the PANSAT
project will be irrevocably damaged. Design of PANSAT is presently in
the prototyping phase and is expected to be completed at the end of this
year. With launch being manifested onboard the Space Shuttle in late
1997, any changes in the design of the spacecraft at this point will
cause the project to miss its intended goal. It is too late in the
design process to reenglneer PANSAT for a frequency out of the 420-450
MHz band. If spread-spectrum is removed from this band, the amateur
community stands to loose a very valuable asset and the PANSAT project
stands to locse a large amount of money and time invested.

The Space Systems Academic Group has filed with the Commission an
Information for Second Notice of Advance Publication of PANSAT dated May
2, 1995. 1In the document the particular operating parameters are
outlined for the Commission’s review.

Infermation on PANSAT has been published in many public publications, in
both the Amateur press and professional journals. Amateur publications
include The AMSAT Journal, CQEX, and the Satellite Operator. Information
was also broadcasted on News Line the summer of 1995. Professional
journals include Spread Spectrum Scene, AAIA Conference Proceedings of
the Small Satellite Conferences, and, as mentioned previously, masters
theses. Information on PANSAT has been available on the World-Wide Web
since the summer of 1994 at http://www.sp.nps.navy.mil/pansat.

The Radio Amateur Satellite Corporation (AMSAT) North America is also
aware of PANSAT. The laboratory facilities were first toured by Mr.
Richard Campbell, N3FKV, in 1993. From which he reported to the AMSAT
Board of Directors and PANSAT was documented in the minutes of the
Annual AMSAT Meeting of 1993. Recently, the AMSAT-NA President Mr.
William Tynan, W3X0, toured the facilities September 1995.



CONCERNING EXPERIMENTATION IN THE AMATEUR RADIO SERVICE

I would also like to relate my experiences to the benefit of
experimentation within the Amateur Radio Service. It has been through
Amateur Radio that I have explored the concepts of radic communications,
RF propagation, space communications, orbital mechanics, and recently,
spread-spectrum communications. All of these concepts, mostly self
taught, has enhanced my knowledge of these and many more topics and have
proven invaluable in my professional duties and in volunteer emergency
communications in the time of disaster.

Bmateur Radio is a perfect vehicle for an individual or group to explore
these and many other concepts that embody the spirit of the advancement
of the radio art and providing a pool of trained operators, technicians,
and electronic experts (Part 97.1 of the Commission’s Rules). It is a
well known fact that the commercial sector needs trained technicians and
engineers in this rapidly advancing technical world. Amateur Radio’s
unsung legacy toward this demand 1s largely undocumented and under
appreciated. You will undoubtedly find amateur radio operators in all
aspects of industry, no doubt contributing to their vocation those
things they have learned and experienced in the Amateur Service.

By providing an environment that promotes experimentation, the Amateur
Radio Service can provide a beneficial byproduct to society and
technology in general. Thus it is perhaps impossible to measure the
benefits contributed to society by this experimental environment.
Experimentation in the Amateur Service must be fostered and preserved.
There is no other environment like it that can provide private citizens,
elementary school children, high school students, and college students
with the incentive, motivation, and expressive abilities the Amateur
Service provides. There is no other service that allows experimentation
with the variety of frequencies and modes of communications to explore
topics ranging from astrodynamics to ohms law.

The PANSAT project would not be possible without the Amateur Radio and
Amateur Satellite Services. The synergy of innovation and contribution
to the community at large demonstrates the benefits of learning by
experimenting and eventually contributing to the body of knowledge on so0
many countless topics.

It is with experimentation in mind that I support not-for-profit science
and educational, research and development organizations such as the
Tucson Amateur Packet Radio (TAPR) Corporation and The Radioc Amateur
Satellite (AMSAT) Corporation. Both of which have introduced
innovations to industry and provided a climate of learning and
experimenting within the amateur community. It is In this environment a
student can continue to learn long past graduation.

SUMMARY AND CONCLUSION

My purpose in writing these comments are many, 1) to inform the
Commission about the PANSAT project sponsored by the Space Systems
Academic Group of the Naval Postgraduate School, 2) the possible
deleterious effects to the project if spread-spectrum emmissions are
removed from the 420-450 MHz band, 3) the benefits the PANSAT project
has offered and will continue to offer to the Amateur community, and 4)
my own personal observations and influences that experimenting in the
Amateur Radio Service has had on me in my lifetime to motivate the
Commission to continue to foster the climate of experimentation in the
Amateur Radio Service as provided in Part 97 of the Commission’s Rules.



I urge the Commission to favorably approve the enhancement of spread-
spectrum communications in the Amateur Radio Service as proposed by the
American Radio Relay League (ARRL) and amended by the comments of the
Tucson Amateur Packet Radio (TAPR) Corporation. I especially urge the
Commission, not to remove spread-spectrum emissions from the 420-450 MHz

band to the detriment of the PANSAT project.

Resgpectfully submitte

Bible, NT7HPR

Steven R. Bible, N7HPR
103 Doughty Ave.
Greeneville, TN 37745



Petite Amateur Navy Satellite

Steven R. Bible, N7HPR  Dan Sakoda, KD6DRA
n7hpr@amsat.org dsakeda@nps.navy.mil
‘Space Systems Academic Group
Naval Postgraduate School
‘Monterey, CA 93943

Introduction

The Naval Postgraduate School (NPS) (Monterey, California) is developing a small satellite for digital store-and-
forward communication using spread spectrum techniques. NPS is looking toward the amateur radio community in
an effort to utilize cost-effective engineering and proven means of radio message relay. This cooperative initiative
between NPS and the amateur radio community provides numerous benefits for the education of NPS students. The
spacecraft will provide for amateur radio enthusiasts a new space communication mode utilizing spread spectrum
modulation for packet radio. It also offers a means of evaluating spread spectrum in the increasingly congested
frequency bands.

The Petite Amateur Navy Satellite (PANSAT) will provide a proof-of-concept for store-and-forward communication
on a small satellite utilizing spread spectrum modulation techniques. PANSAT will be a tumbling spacecraft with a
weight of 150 pounds to be completed in September 1996. The spacecraft will supply direct-sequence, spread-
spectrum modulation with an operating center frequency of 436.5 MHz, a bit rate of 9.84 kilobits per second and
4.5 megabytes of message storage. PANSAT will be launched into low-Earth orbit via the Shuttle under the
HitchHiker program utilizing a Get Away Special (GAS) canister. Expected launch of PANSAT is September 1997
onboard STS-86, a MIR rendezvous mission. The launch will provide an orbit altitude of about 390 km and

inclination of 51.6° The spacecraft has a 2 year mission life requirement.



Educational Oppertunities

PANSAT offers students an opportunity to gain practical education in Space Systems Engineering and Operations
by way of Master's degree theses, class projects, and directed study courses. PANSAT development combines the
goals of education and technology application for the benefit of National Defense. The topics of graduate work are
varied and yield a system-wide scope with exposure to real issues of design, development, integration, testing, and
scheduling. Topics include mission operations, astrodynamics, mechanical and electronic subsystem design,
system integration, software development, and protoflight testing. Once in orbit, PANSAT will provide both a
means of evaluating the communication payload as well as a space-based instructional laboratory. As of August
1995, approximately fifty PANSAT related theses have been completed.

Solar Panels (5)

Spacecraft Conflguration and Design

Antennas (4)/

PANSAT has a robust structural design with high margins
of safety and is adaptable to a number of launch vehicles.
The satellite is approximately 19 inches in diameter and

has no attitude control or propulsion. Eighteen square and
eight triangular aluminum panels make up the outer surface
of the satellite.  Sevemteen of the square panels are
equipped with silicon solar panels and one gallium-
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PANSAT will fly as a secondary Shuttle payload under the ?gmse;"

HitchHiker program. A Get Away Special (GAS) canister
and a NASA standard Ejection Mechanism for GAS
payloads will be used to deploy the spacecraft.

The three main spacecraft subsystems are: communication Launch >
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(DCS). Figure 2 shows a system block diagram of {Lvy f’"\m{oswﬁches @

PANSAT subsystems. Obstructing Objects
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Spread-Spectrum Communication Payload Figure 1. PANSAT Expanded View
The communication (COMM) payload will be simplex, or half-duplex, having a single channel for both up-link and
down-link. The planned data rate is 9.84 kilobits per second. The spacecraft will operate at a 436.5 MHz center
frequency in the amateur radio 70 cm band.

The pseudo-noise (PN) code sequence, in accordance with presemnt rules and regulations, is implemented using a
seven bit shift register with taps at 7 and 1. The PN code is mixed with data stream at a rate of 1 sequence length
per bit of information, or 127 chips per bit. The spread signal is then modulated using binary-phase-shift-keying
(BPSK) and up-converted to the transmitted carrier with 2.5 MHz of bandwidth. The spacecraft transmitter is
capable of varying the output power to allow only the minimum required energy for successful reception.

The spread spectrum receiver provides signal detection, tracking, and demodulation for recovery of the digital bit
stream. The communication payload passes the data stream to a serial communication controller (SCC) for de-
packetizing and error-checking of the CRC (cyclical redundancy check). The recovered data is then delivered to the



spacecraft microprocessor. Both the modem and processor boards are located in the DCS System Controller (see
Figure 2). The receiver is capable of receiving a carrier of at least -120 dBm signal strength. The development of

the COMM subsystem is currently in the prototype phase.

Link analysis shows the required transmit effective isotropic radiated power (EIRP) of the satellite to be 0.756 W
and the ground station 2.65 W. The analysis assumed a Shuttle orbit altitude of 390 km and probability-of-bit-error
of 10” or less. The satellite transmitter is designed to provide at least 2.0 W, and be able to step down to the
minimal power required for acceptable probability-of-error, and should compensate considerably for a Rayleigh or
Rician fading channel. The antenna on the spacecraft is an omni-directional tangential turnstile antenna with 4
dipole whips and 0 dB gain. The ground station antenna is assumed to be a standard commercial antenna with a

gain of 15 dB.
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Figure 2. PANSAT System Block Diagram

The COMM payload consists of two direct sequence spread spectrum transmitters and receivers. Each unit is
capable of switching from spread spectrum modulation to narrow-band binary-phase-shift keying (BPSK)
transmission/reception. This allows for contingency operation as well as providing the capability of down-linking a
narrow band telemetry beacon. The latter is of interest to those users lacking the capability of spread spectrum, or
those in the early stage of setting up their ground station equipment. The COMM payload is designed using
commercial off the shelf (COTS) components. Radiation-hardened components are used only in critical subsystem
areas.

Electrical Power Subsystem

The electrical power subsystem (EPS) consists of solar cells for primary power, nickel-cadmium batteries for eclipse
power, and power regulation/conditioning circuitry. The EPS relies on the main spacecraft processor for activating
relays and for determining charge levels and charge cycles. Power is provided through an unregulated 12V £3V bus

and regulated at each subsystem module. A shunt regulator is not being implemented in the design since the solar
array voltage will never exceed the maximum input voltage of any subsystem DC-DC converter.

Both nickel-cadmium batteries will be depleted to a set level prior to launch to ensure the payload is inert while in
the Shuttle. The EPS provides battery charging while the satellite operates in the sunlight. This requires a low-
power (standby) mode of operation during eclipse in the very early stage of the mission until a battery reaches
sufficient charge.



Silicon cells were selected for their low cost and adequate power efficiency. A minimum efficiency of 14.5 percent

at AMO (air mass zero) and 28° C was deemed adequate based on initial power budget estimates. 17 silicon cell
panels cover the spacecraft providing an average area of approximately 1209 em’. Each panel consists of 32 cells
with dimensions 1.92 cm x 4.00 cm connected in series. The panels were fabricated using the K6700 silicon cell
with back-surface field and back-surface reflector (BSFR). An additional Gallium-Arsenide (GaAs) solar cell panel
was added to allow power conversion in the case where the launch vehicle interface (LVI]) is pointed at the sun.
This GaAs panel takes advantage of Shuttle payload user volume below the LVL.

Digital Control Subsystem

The primary functions of the digital control subsystem (DCS) are to provide control of the EPS, control and
operation of the COMM payload, gather and store telemetry data, and perform memory management and control for
message handling. The DCS consists of fully redundant control boards, each run by a M80C186XL
microprocessor. The design of the DCS has gone through a number of iterations by students at NPS in order to
fulfill the functional requirements of PANSAT. The 80C186 microprocessor was selected for its proven
architecture, radiation tolerance, low power consumption, availability of development tools, and its capability of
supporting a multi-tasking environment.

The memory utilized in the DCS is divided into read-only memory (ROM) which stores the bootable operating
system, system error-detection-and-correction (EDAC) random-access memory (RAM) where the boot-up ROM
program is loaded, and mass storage memory, or user memory, which stores messages and telemetry data. The
DCS will have 64 kilobytes of system ROM, 512 kilobytes of EDAC system RAM, and 4.5 megabytes of user

memory.

Static RAM used for messages and telemetry requires a constant supply of power. Thus, all information will be
lost in the event of loss of power. A reliable, non-volatile memory system would be ideal, provided it is easily
implemented and yields the same functionality as those components already identified. Flash memory promises the
advantages of non-volatility, high cycle life (100,000 block erase cycles), access time comp#rable to dynamic RAM
(DRAM]}, and high density. Half of one megabyte of Flash memory will be available in the mass storage system,
but cannot be relied on for system-critical data. The Flash memory will be flown as an experiment.

The DCS is capable of updates of the operating system since the bootable kernel is transferred to RAM. This
allows the up-link of application software, or tasks, and takes advantage of the hierarchical level of the operating
system. The DCS will boot from a portion of ROM, located in high-memory (64 kilobytes), where a fully tested
kernel, boot loader, and primitive tasks are stored. The DCS will load the boot-up kernel from ROM into the low
memory of the 1 megabyte of addressable memory of the 80C186. The DCS then will wait for a command from
the ground to either load the remaining full operating system from ROM or up-load from the ground.

The operating system is multi-tasking, supporting concurrent tasks. Tasks communicate with other tasks via the
operating system providing a powerfully flexible means of operation, software design, upgrade, and
implementation. The AX.25 protocol is one such application task. Another task may be the request for telemetry
data from the other spacecraft subsystems, or the implementation of mail services. Additional user services may be
implemented as the spacecraft is utilized. In the event of a reset, however, the services of later versions of software

will need to be reloaded.

Ground Operations

The command ground operations for PANSAT will occur at NPS utilizing common amateur radio equipment and
PANSAT-specific components for spread spectrum modulation. The NPS ground station will have full command
capability and telemetry data display software. Operational integrity may also differ from ordinary ground stations
such as uninterruptible power and data backup facilities. The basic configuration includes a PC with application
software to perform a bulletin-board-like interface, the terminal node controller (TNC) which maintains the link
management (implementing the AX.25 protocol), the transmitter, receiver, and antenna system. The antenna system
includes azimuth and elevation rotors for ground tracking. Ground tracking is done by using the predicted
spacecraft ephemeris and is, therefore, open-loop. The ground station is also required to perform Doppler
compensation for both up-link and down-link transmissions.



The NPS ground station will be required to connect with the satellite within a minimum three-day period. The
low-Earth orbit permits a minimum twice-daily visitation with NPS. NPS will down-link telemetry data that
includes sensor data and operational status information including system administrative data. If three days have
passed without NPS connection, the spacecraft will shutdown all general users until connection with NPS is made.
Telemetry data will be maintained during this time, if possible. Other contingencies may follow such an event if a
hardware or software failure occurs. Telemetry data from sensors will be stored to provide a history of spacecraft
performance. The most recent cycle of sensor data will be available for down-link. Other information in the
telemetry package includes the spacecraft time, software statistics, operating system version, operations log
including command execution and errors, and the mail box log.

Potential Applications

The potential applications of digital communication via a spacecraft utilizing store-and-forward spread spectrum are
numerous. Evaluation of the payload in its current configuration will help determine applicability for an operational
system. Key points of the PANSAT design are its simplicity and low-cost. However, PANSAT does provide a
sophisticated solution to message relay on a small space platform with the added advantages of a spread spectrum
system. A number of examples of potential applications have been suggested for civil as well as military purposes.
In its current configuration, PANSAT will provide a necessary means of communication to the amateur radio
community to support public service communications, such as in times of natural disaster.

Summary

The design for the Petite Amateur Navy Satellite (PANSAT) continues with the aim of providing a small low-cost,
spread spectrum communication satellite for message relay. The PANSAT project is already successfully meeting
its objective of providing meaningful educational experience for students at NPS. The specialized analytical skills
nurtured through graduate thesis research are coupled with real-world issues of system design, integration, testing,
and operations. Once in orbit, PANSAT will provide yet another means of instruction for space-based
communication experiments.

Further information on the development of PANSAT can be followed from the Space Systems Academic Group
World Wide Web server at URL http://www.sp.nps.navy.mil



